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NAS RK is pleased to announce that News of NAS RK. Series of chemistry and technologies
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics to be
accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and the Arts
& Humanities Citation Index. The quality and depth of content Web of Science offers to researchers,
authors, publishers, and institutions sets it apart from other research databases. The inclusion of
News of NAS RK. Series of chemistry and technologies in the Emerging Sources Citation Index
demonstrates our dedication to providing the most relevant and influential content of chemical
sciences to our community.

KasakcmaH Pecnybnukacbl ¥nmmelK fbiibiM akademusicel «KP Y¥FA Xabapnapel. Xumusi
JKOHEe MEeXHO02Usl cepusichbl» fbifibIMU XypHarsbiHbiH Web of Science-miH xaHanaHraH HycKacbl
Emerging Sources Citation Index-me uHdekcmenyze kKabbindaHraHbiH xabapnaldbl. by
uHdekcmery bapbicbiHOa Clarivate Analytics komnaHusickl XypHanobl o0aH api the Science Citation
Index Expanded, the Social Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke
Kabbinday mecerneciH Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, bacnawsinap
MeH MeKkemeriepee KoHmeHm mepeHOdiai MeH canacklH ycbiHaobl. KP YFA Xabapnapbl. Xumus
XXoHe mexHonoaus cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabIK yWiH
€H 63eKmi xoHe 6ederdi XumMusisibIK fbiribiMOap 6olbiHWa KOHMeHmMkKe adanobifbiMbi30bi 6irndipedi.

HAH PK coobwaem, 4ymo Hay4HbIl XypHarn «M3secmusi HAH PK. Cepusi xumuu u mexHorio2uii»
6611 npuHam 0ns uHOekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHOU eepcuu
Web of Science CodepxaHue 8 amomMm UHOeKcuposaHUU Haxodumcs 8 cmaduu paccMompeHus
komnaHuel Clarivate Analytics 0nsa OdanbHeluwez0o npuHamMus xypHana e the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index.
Web of Science npednazaem kayecmeo 8 arybuHy KoHmeHma 015 uccriedosameriell, agmopos,
u3damernel u yupexoeHul. BknoueHue Nssecmus HAH PK e Emerging Sources Citation Index
deMoHCcmpupyem Hawly npueepxeHHOCmb K Haubornee akmyarnbHOMY U 811UsimeribHOMY KOHMeHmy
M0 XUMUYECKUM HaykaMm Ot Haweao coobujecmea.
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APPLICATION OF NEW CORROSION INHIBITOR FOROILFIELD EQUIPMENT
AND PIPELINES FOR IMPROVING THE ECOLOGICAL SECURITY

Abstract: extending the life ofoilfield equipment andpipelines along with ensuring reliable
environmental protection is one of the urgent problems. Considering this, the factors influencing the corrosion
and erosion processes of field equipment and gathering pipelines were investigated. Thus, in order to inhibit
corrosion and erosion process within the field equipment and pipeline system, it is recommended to use the
new multifunctional reagent made on the basis of technical phosphatide and monoethanolamine, which
provides protection against corrosion and erosion damage, microbiological corrosion and reduces the viscosity
of oil. The optimal consumption of an inhibitor is recommended to take 500 mg/l. In this case, the corrosion

protection effect is 94%, and the destruction efficiency of sulfate-reducing bacteria is 98%.
In addition, to increase the viscosity reduction efficiency of the obtained reagent, the mechanism of
complex application of the cavitation process and the reagent was described based on the positive results of

the experiments.

Also, the results of tests via "cold finger" method showed that new reagent has 53% efficiency in paraffin
deposition inhibiting at its optimal anti-corrosion concentration (500 mg /I).

As a result of the conducted field tests, it was revealed that theuse of the new multifunctional reagent
ensures the continuous operation of pipeline network and reliable environmental protection.

Key words: environment, complex reagent, pipeline, aggressive environment, corrosion, cavitation,

viscosity, paraffin deposition.

Introduction. It is known that the study of
the causes of corrosion and the improvement of
corrosion protection methods, in order to ensure the
continuous operation offield equipment and
gathering pipelines, reduce transportation costs and
protect the environment by regularly studying the
corrosiveness of transported products, is an urgent
task.

It should be noted that it is precisely because
of corrosion-erosion damage to pipelines that
unplanned accidents occur, due to which harmful
substances pollute the soil and groundwater.
Moreover, it leads to a violation of the ecological
balance of the environment. Currently, various
methods are used to protect oil field equipment and
pipelines from corrosion-erosion and
microbiological corrosion [1-3]. The selection of
optimal methods of reliable protection is carried out
taking into account various factors that cause
corrosion-erosion destruction of internal surfaces of
oilfieldequipment and pipelines.

The processes of corrosion and erosion on the
inner wall of the pipeline and equipment occur due
to corrosive elements and mechanical combinations
contained in oil, gas and produced water [4]. In
addition, internal corrosion also depends on the
metal grade, the flow regime of the transported
medium, the ability to wet the metal surface, flow
rate, pressure, temperature and so on [5]. These
processes are intensified as a result of an increase in
the velocity, pressure and temperature regime of the
fluid flow.Erosionand cavitation processes in
equipment and pipes are also considered as a
stimulating factor in corrosion. Therefore, they
should be studied in parallel with the study of the
intensity of corrosion processes [6-11].

Protection of the field equipment and pipeline
system against erosion-corrosion and mechanical
wear for reliable operation, and ultimately for
environmental protection, is carried out by the
following actions:use of galvanic anodes and
cathodic protection, research of anticorrosive
coatings for corrosion protection, the use of non-
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metallic compositions, use of corrosion resistant
pipes, the use of bactericidal reagents and complex
inhibitors, regulation of the operating modes of
pipelines, depending on environmental conditions
and purification of the transported product from
mechanical impurities and aggressive gases[12-16].

It can be noted that the use of inhibitors is one
of the most effective ways to protect equipment and
pipelines from internal corrosion. As a result, the
development of new multifunctional inhibitors
remains relevant [17-18].

Given the above, on the basis of laboratory
studies, a new multifunctional reagent was
produced that has surfactant properties based on
technical phosphatide and monoethanolamine
which protects oilfield equipment and pipeline
system from corrosion.

Materials and methods. The inhibitory
properties of the developed reagent at a
concentration of 100-600 mg/l were studied in
laboratory conditions according to the ASTM G170
— 06 on steel grades 20 (St.20) in alkaline (pH =
7.2) formation waters. The effectiveness of the
inhibitor was determined by the gravimetric
method. The essence of the method is to determine
the corrosion rate by the weight loss of witness
samples in  the control and studied
environments.For  testing, witness samples were
prepared and installed in a U-shaped cell with a
mixing device. The velocity of the fluid relative to
the samples is about 0.5 m/s. The duration of the
experiments is 6 hours at atemperature of 25°
C.
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The effectiveness of the inhibitor was
characterized by the degree of protection Z,%.
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Z = — 100%
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whereKo and Kin are corrosion rates of the
sample without inhibitor and with inhibitor.

In further studies, tests were conducted to
identify the bactericidal-inhibitory properties of the
obtained reagent, namely, the effect on sulfate-
reducing bacteria (SRB). The studies were carried
out according to NACE Standards TMO 194-94 and
TMO 194-2014 using the nutrient enrichment
method in Postgate's medium, which is necessary
for the development of SRB. The sulfate-reducing
bacteria used in the studies were taken from the
formation waters of the Bibi Heybatoilfield. The
experiments were carried out for 15 days at 28-30°C
in an inhibitor solution of 100-600 mg/l. the results
are shown in Figure 1.

Suppression extent of SRB was determined
by formula:

ZSRB = C_CCP 100%

)

where C and Cp - the presence of H2S in test
of the studied water without reagent and with
reagent, respectively.

The results of experiments showing the
protection degree of reagent against corrosion and
destruction of SRB are presented in Figure 1.

400 500 600 700

Inhibitor solution, mg/I

Figure 1. Corrosion protection and the efficiency of the destruction of SRB depending
on the amount of inhibitor in the medium:
1-efficiency of protection against corrosion;
2 - the effectiveness of the destruction of SRB.

As can be seen from the figure, in an alkaline
medium, at an optimal concentration of reagent —
500 mg/l the protection efficiency equal to 94%. It
is necessary to note that the corrosion rate of

samples at this optimal concentration is 0.0449
g/m?-hour while without using the inhibitor it was
0.7019 g/m*hour which means the corrosion
reduction rate coefficient in these media is 16.
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Analysis of the research results shows that the
used reagent has strong inhibitory and bactericidal
properties. The optimal consumption of an inhibitor
is advisable to take 500 mg/l. In this case, the
corrosion protection effect is 94%, and the
destruction efficiency of SRB is 98%.

It is worth noting that one of the factors
causing emergency shutdowns of the field pipeline
system in combination with corrosion is the
transportation of highly viscous oils. This is due to
the fact that with an increase in the viscosity of oil,
the necessary working pressure can significantly
exceed the capabilities of the field pipeline system
taking into account leaking corrosion process. To
eliminate this complication, additives are used that
change the rheological properties of oil, namely
viscosity. Since most of the products of the field
pipeline system are oil-water emulsions, which are
non-Newtonian fluids, the concept ofeffective or
dynamic viscosity is used to describe the properties
of non-Newtonian oil. The value of the dynamic
viscosity of oil at various shear rates and shear
stresses is determined by calculation using the
following well-known formula:

T
n==, ®)

Where: 1- instantaneous value of shear stress,
Pa;y- instantaneous value of shear rate, 1/s.

For this purpose, the effect of the obtained
reagent in various concentrations on the viscosity of
oil was also studied in laboratory conditions. The
determination of dynamic shear stress (Pa) and
dynamic viscosity (Pa's) was carried out on a
Reotest-2 viscometer at a temperature of 40 °C and
a shear rate of 0.33 s™. Oil from well No. 34 of the
"Muradkhanli” field with 20% water cut and with
density of 965 kg/m°was used for testing.The
efficiency index (Eer) for assessing the
effectiveness of the reagent that regulates the
viscosity of the oil was calculated by the formula:

Eef = Hda—Hr (4)
Ud

Where: E - reagent efficiency index;

ud - dynamic viscosity of the initial oil, Pa-s;

ur - dynamic viscosity of oil with a reagent,
Pa-s.

The reagent efficiency index (Eerr) shows
how many times the dynamic viscosity of oil with a
reagent differs from the dynamic viscosity of the
original oil.

It should also be noted thatrecent studies
revealed the possibility of using cavitation to
increase the efficiency of various kinds of
physicochemical reactions in oil. During cavitation
in oil, chemical bonds are broken between the atoms
of large molecules of hydrocarbon compounds due
to high-amplitude oscillations in its volume, caused
by the collapse of bubbles with a high velocity. The
formation and collapse of cavitation bubbles in oil
resembles a kind of multitude of microreactors
where microcracking occurs, under the influence of
extreme physicochemical conditions [19].

As a result of this process, along with other
structural changes, an improvement in the
rheological characteristics of oil is also observed.
Namely, the viscosity of heavy oil decreases under
the influence of cavitation. It should be noted that
the use of only one cavitation to improve fluidity of
oil is not always effective, since after reaching a
certain value, the viscosity begins to increase
despite the continuation of the cavitation effect.
This is due to the fact that the free radicals of
hydrocarbons formed as a result of cracking can
combine under the influence of cavitation
microflows, creating larger compounds [20].

But in the case of heterogeneous liquid-liquid
(oil-reagent) reactions, cavitation collapse leads to
the destruction of spatial structures formed by large
supramolecular oil components, transforming them
into small structures and increasing the surface area
available for interaction with the added reagent,
thereby accelerating the ongoing reactions.

Taking into account the fact that the
decomposition  of  largesupramolecular  oil
compoundsinto free radicals as a result of
cavitation, creates good conditions for the various
kinds of reactions, further studies of the complex
effect of the obtained multifunctional reagent for
reducing the viscosity of oil with the simultaneous
use of cavitation were carried out.

Results and discussion. The experiments
were carried out on a device of hydrodynamic
cavitation, installed on the pipeline, which is
a hollow cylindrical body of variable cross-
sectionswith areas of local resistance, which
ensures the occurrence of cavitation. During the
study the obtained reagent was added to the flow
beforeentering the cavitatorin the concentration
range (50-600 mg/l) with further sampling and
measurements of the dynamic viscosity of oil, after
passing through cavitation zone,in the Reotest-2
viscometer. The results of the performed laboratory
experiments to identify the effect of the reagent on
the viscosity of oil without cavitation and with the
simultaneous use of cavitationare presented in
Figure 2.
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Figure 2. Change in dynamic viscosity of high-viscosity oil depending on reagent concentration with
simultaneous use of cavitation and without cavitation: 1- effect of complexreagent on viscosity of oil;
2- effect of simultaneous use of a complex reagent and cavitation on viscosity of oil.

As can be seen from the graph, with an
increase in the concentration of the reagent, the
dynamic viscosity decreases. At an optimal reagent
concentration of 500 mg/l the dynamic viscosity of
oil is 375.3mPa-s, hence the dynamic viscosity of
oil is reduced by 3.1 times which gives the reagent
efficiency index (Eet) equal to 68%.

The improvement in the flowability of highly
viscous oils can be explained by the fact that the test
reagent has surface-active properties and is capable
of changing phase and energy interactions at the
interfaces between polar and nonpolar phases.The
action of the surfactant introduced into the pipeline
is oriented not only at the interphase boundaries that
are formed between the well product as a whole and
the pipeline wall or in the product itself between the
oil-water phases,but it also penetrates the oil
composition and affects its components, changing
the properties and structure of spatial
supramolecular structures. And this, in turn, leads to
an improvement in fluidity associated with a
decrease in rheological parameters such as shear
strength.

Figure 2 also shows that the complex
application of the obtained multifunctional reagent
and cavitation contributes to an increase in the
efficiency of the reagent application for the
improvement of transportation characteristics of oil.
As a result, a decrease in viscosity =1.3 times
greater than when using only the reagent. The role
of cavitation is that it allows the reagent to affect the
group of oil components more effectively by
reducing their size and increasing the contact area.
In other words, this phenomenon promotes the
process of surfactant adsorption on the surface of
high-molecular oil components, which prevents
their association into strong structural frameworks
that determine its rheology, thereby increasing the

effectiveness of such a reagent outcome as a
decrease in oil viscosity.

As it is known, from the integrity point of
view of technological equipment, cavitation is not a
desirable process, since it leads to its accelerated
destruction caused by such phenomena as cavitation
corrosion and erosion. This happens as a result of
the destruction of protective films formed by
corrosion inhibitors on the metal surface under the
action of shock waves during the collapse of
cavitation caverns. And inhibitors with surfactants,
in turn, can also reduce this negative effect of
cavitation.The essence of the positive effect of a
surfactant in this case is that when it is added to the
flow, it causes some kind of foaming of the liquid,
that is, the formation of more or less bubbles filled
with gas/air. These bubbles, getting into the
cavitation zone, namely, diffusing into the
cavitation cavity when it occurs, reduce the impact
force of the collapse of the cavity. This is due to the
fact that accumulated gas inside the cavitation
bubble plays the role of a kind of shock absorber
when the sphere collapses and thereby affects the
force of the shock wave, reducing its effect on the
protective film on the metal surface [21].

Another factor that hinders the pumping of oil
through pipelines is the deposition of paraffins on
the inner surface of the pipe wall, which reduces its
cross-section, decreasing the throughput. And as
known, surfactants have the ability to reduce the
amount of deposited paraffin by changing the
structure of oil dispersed systems.This occurs as a
result of the destruction of the wvolumetric
associative network and enveloping of its
constituent nodes, which are supramolecular
components (resins, paraffins, asphaltenes), thereby
keeping them in suspension and preventing their
further agglomeration. And this, in turn, leads to a
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decrease in the volume of paraffin deposits. Taking
this into account, the "cold finger" method was used
to test the effectiveness of the obtained reagent as
the inhibitor for paraffin deposition process. QOil
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from well No. 34 of the "Muradkhanli* field was
used for testing. The results of the experiment are
shown in Figure 3.
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Figure 3. Effect of inhibitor on Paraffin deposition rate.
1 - Paraffin deposition rate depending on reagent concentration;
2 - The effectiveness of the reagent against paraffin deposition.

As can be seen from the figure, without the
use of the inhibitor, the amount of paraffin deposits
was 7.21 grams, while when using the inhibitor in
concentrations from 50-600 mg/l, the amount of
paraffin deposits was 6.9-3.3 grams, respectively.
And this, in turn, means that the use of the reagent
reduces paraffin deposition by 1.04 - 2.19 times
with an efficiency of 4-54%, respectively. The
optimal concentration of inhibitor to reduce paraffin
deposition is 500 mg /I, at which its efficiency is
53%.

The optimal concentration of reagent against
corrosion and paraffin deposition is approximately
400-500 mg/l, which is approximately in line with
the optimal concentration of reagent for oil viscosity
reduction. Consequently, the use of the obtained
reagent at optimal concentrations for inhibiting
corrosion also has a positive effect on reducing
hydraulic losses and paraffin deposits, which
indicates its multifunctional properties.

Positive results of laboratory tests allowed to
recommend the developed reagent for field test,
since this reagent has inhibitory properties, and
reduces the dynamic viscosity of oil.

Field tests: Field tests were carried out on the
pipelines of the Bibi Heybat oilfield. Control
samples were installed in order to determine the rate
of corrosion by the gravimetric method and to
evaluate the inhibitory effect of the inhibitor 30 days
before and after injection of the reagent.

Field tests showed that when using the
reagent, the corrosion rate decreased on average
from 0.6726 g/m?- hour to 0.0631 g/m*- hour, while
the protective effect was 91%.

Experiments in the pipelinesystem of the
field showed that after injection of the developed
reagent, due to a decrease in oil viscosity and a
decrease in hydraulic losses, the flow pressure
decreased from 0.14 to 0.1 MPa, which contributes
to an increase in the efficiency of operation and
integrity of the pipeline network.

Also, on the basis of the experiments and the
study of the effect of cavitation on oil, it can be
concluded that with the combined use of a chemical
reagent and cavitation, a greater effect on
improvement of rheological properties of oil can be
achieved than they used separately.

The results of tests conducted in the pipeline
system of Azneft Production Association oil fields
confirmed the above properties of the reagent. The
use of the reagent reduces the number of accidents
caused byoil field equipment and pipeline
corrosion, thereby minimizing the cost of repair
work and reducing the risks of environmental
pollution due to emergency shutdowns of pipelines,
which is the primary task of the oil industry.

Conclusions. 1. A new multifunctional
reagent, made on the basis of technical phosphatide
and monoethonolamine, leads to a decrease in the
viscosity of oil, and also protects oilfield equipment
from corrosion;

2. Laboratory studies have shown that the
optimal concentration of the reagent to reduce the
dynamic viscosity of oil and provide proper
corrosion protection is 500 mg/l, while the dynamic
viscosity of oil is reduced by 3.1 times, and the
protective effect against corrosion is 94%;
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3. Cavitation technology can be used
simultaneously with injection of inhibitor in order
to increase the effectiveness of the reagent on the
reduction of the viscosity of oil. And the surfactants
included in the reagent, in turn, can reduce the
negative effect of cavitation, such as destruction of
the protective layer of inhibitor;

4. The obtained composition also shows good
effectiveness 53% in inhibiting the paraffin
deposition process;

5. Field tests showed that when using the
reagent, the corrosion rate decreased from0.6726
g/m? hour to 0.0631 g/m?-hour, the protective
effect was 91%. Alsodue to a decrease in oil

viscosity and a drop on hydraulic losses, the flow
pressure decreased by 28% - from 0.14 to 0.1MPa.
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MYHAM KOCIIIILIITT )KABJABIKTAPBI MEH KYBbIPKOJIJAPHI YIIITH KOPPO3HUSHBIH
KAHA TEXEI'TIIIH KOJJAHY APKBIJIBI SKOJOT'UAJIBIK KAYIIICI3AIKTI APTTBIPY

AHHOTAIUS: KOCINTIK )aOAbIKTap MEeH KYOBIpJapAbIH Naianany Mep3iMiH y3apTy KopllaraH OpTaHbl
CEHIMII KOpFayIlbl KaMTaMachl3 eTyMeH KaTap, ©3¢KTi MiHaeTTepAiH Oipi O0obm Tadbutansl. OCBIHBI €CKepe
OTBIPBIT, OHJIPICTIK XKaOABIKTAp MEH KYOBIPIApAbIH KOPPO3USIIBIK-IPO3USIIBIK MPOIECTEpiHE ocep €TeTiH
¢daxTopnap 3eprrenni. Ocpuiaiilia, OHEPKICINTIK KYObIpiap >KyHeciHaeri Koppo3uss MeH 3pOo3Hs MpOoLeciH
TEXEY YIIIH KOPPO3USUIIBIK JKOHE 3PO3MSIBIK 3aKbIMIAHYAaH, MUKPOOHOIOTHUSIIBIK KOPPO3UsAaH KOPFayabl
KaMTaMachl3 €TeTiH JKOHE MYHAWIbIH TYTKBIPIBIFBIH TOMEHICTETIH TEXHUKaNbIK (dochaTun meH
MOHOJTaHOJIAMHH HETi3iHAE JKacalfaH »JKaHa Kol (QYHKIMJIBl pEeareHTTi KOJNJaHy YCHIHBUIAJBI.
WHrnburopabia oHTainb! WHFBIHBL S00 MI/11 KaObL11ay YCBIHBUIAB, OYJ1 XKaFaaliaa KOppo3usagaH KOpFay by
acepi 94%, an cynbdarThl TOMEHIETETIH OaKTepHsIapAbIH XKONUBLTY THIMALTITT 98% Kypaiiabl.

CoHBIMEH KaTap, DKCIIEPUMEHTTEP/IIH OH HOTHXKeJepiHe CyHeHe OTHIPBIN, MYHAH IBIH TYTKBIPJIBIFBIH
TOMEHJIETYIC NaMbIFaH PEareHTTIH TUIMALUICIH apTTBIpy YLIIH KaBHTAlMsS MPOLECi MEH WHTUOUTOP/BI
KeLIeH 1 KOJIJaHy MeXaHU3Mi culaTTaJiFaH.

Conpaii-ak, "CybIK ©3€K" omiCiMEH CBhIHAY HOTIDKENepi peareHTTIH OHTaWiIbl KOPPO3HSFa KapChl
KoHueHTpanusacel (500 mr/n) kesinge nmapaduH IETiHAUIEPiHIH TpoueciH Texeyne tuiMai (53%) exeHiH
kepceTTi. Kocinmrimik CbIHAKTap HOTHXKECIHIE O3ipJeHreH KeN(YHKUMOHAIABI pPEareHTTI Maiaaiany
KOCIMIIUTIK KyOBIp JKyHeci immHme y3IiKCi3 KYMBIC iCTEyHi JKoHE KOpIIaFaH OPTaHBI CEHIMJII KOpFayabl
KaMTaMachI3 €TETIHI aHBIKTAJIIbL.

Tyiiin ce3gep: KopiiaraH opra, KypAeli peareHT, KYObIp, arpecCHBTI OpTa, KOPPO3Ms, KaBUTALUS,
TYTKBIPJIBIK, TapaduHIl TYHIBIPY.
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MOBBIIIEHUE 3KOJOTHMYECKON BE3OINACHOCTHU C TIPUMEHEHUEM
HOBOI'O MHTUBUTOPA KOPPO3UU IJIAA HEOGTEITPOMBICJI0BOTI'O
OBOPYJIOBAHMA N TPYBOIITPOBOAOB

AHHOTAUUSA: TIPOJUICHHE CPOKa SKCIUTyaTallud MPOMBICIOBOTO OOOPYAOBaHHA M TPyOONPOBOIOB
Hapsity ¢ oOecrieueHneM HaJe)KHOW 3aIIUTHI OKPYKAIOIeH Cpebl — OHA M3 aKTyallbHBIX 33/1a4. Y YUTHIBas
3TO, OBUTM HCCIIENOBaHbI (DAKTOPHI, BIHSIOMIME Ha KOPPO3HMOHHO-PPO3MOHHBIE IPOIECCH MPOMBICIOBOTO
o0opynoBaHHA u TPyOONpoBoAoB. TakuM 00pa3zoM, 4YTOObI MHTHOMPOBATH MPOLECC KOPPO3HU U SPO3UHU B
CHUCTEME TPOMBICIOBEIX TPyOOIPOBOJOB, PEKOMEHAYETCSI HCIOIB30BaTh HOBBIM MHOTO(YHKIIMOHATHHBIN
peareHT, U3rOTOBIIEHHBIH Ha OCHOBE TEXHUYECKOTO (pocdaTria ¥ MOHOITAHOJIAMIHA, KOTOPBIH 00eCTIedUBaET
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3alUTY OT KOPPO3UOHHBIX M JPO3HOHHBIX IMOBPEKIACHUH, MUKPOOHOJIOTHYECKOW KOPPO3UH W CHIDKAET
BSI3KOCTh HehTH. ONTUMATLHBIA pacxo WHIHOUTOpa pekoMeHayeTcs npuauMath 500 mr/i. B sTom ciydae
3G QeKT 3aumThl 0T KOppo3uu coctaBisieT 94%, a 3pPeKTHBHOCTL paspylieHHus Cyib(aTpeayHpyOIx
Oaktepuit coctaBiseTr 98%.

Kpome TOro, Ha OCHOBE TIOJOXHUTEIBHBIX PE3YIbTATOB JKCIIEPUMEHTOB OBLT OMUCAaH MEXaHU3M
KOMILJIEKCHOTO TIPUMEHEHHS Ipollecca KABUTAIIMM W WHTUOUTOpA C IENbI0 MOBBIMIEHUS 3PPEKTUBHOCTH
pa3pabOTaHHOrO peareHTa B CHUKCHUHU BA3KOCTH HE(PTH.

Taxoke pe3ysIbTaThl HCIIBITAHUNA METOIOM "XOJIOMHOTO CTEPKHS" MOKa3aly, 4yTo peareHT 3¢ddekTuBen
(53%) B wmHrHOMpOBaHWHU Tpollecca NapaduHa OTIOKEHHS MPH €ro ONTHMAIBHON aHTHKOPPO3WOHHOMN
konmentparuu (500 mr/i).

B pesynpTare TpOBEACHHBIX IPOMBICIOBBIX HWCIBITAHUNA OBLTO BBISBICHO, YTO HCIIOJIIB30BaHUE
pa3paboTaHHOTO MHOTO(QYHKITHOHAIEHOTO peareHra obecrieunBaeT OecrepeOOlHYI0 paboTy BHYTPH
MIPOMBICIIOBO# TPyOOTIPOBOIHON CHCTEMBI U HAJISKHYIO 3alIUTy OKPYIKAFOIIEH CPeIbl.

KnarwueBble ciioBa: okpyKaromias cpeia, KOMIUIEKCHBIH peareHT, TpyOOIpOBOA, arpecCcHBHas cpesa,
KOppO3usi, KaBUTAIIUs, BA3KOCTh, OTIIOKEHHUE MapaguHa.
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